counters of the Geiger form could be, especially if associated with a good pulse amplifier. This led him to the belief that that there was a need for much improved detecting devices and it was in this field that he was much later to make a major impact.
C
Completing his Glasgow thesis, 'Diffraction of beta rays by thin films', in 1937, he moved to St John's College, Cambridge, with the aid of a Carnegie Scholarship, to read for a further PhD in radiation studies at the Cavendish Laboratories. He was fortunate to reach Cambridge in time to meet Lord Rutherford, F.R.S., who died in October of that year.
Curran found to his surprise that Glasgow was not alone in having inoperable Geiger counters. When he reported to Rutherford at the Cavendish Laboratories, he found that although they had just brought into operation a new one million electron volt (1 Mev) particle accelerator, a similar situation existed there. There were Geiger counters, but they did not work. Success in some of the early fruitful experiments with the accelerator depended critically on improved methods of counting particles; Curran, building on his Glasgow experience, and encouraged by Philip Dee (F.R.S. 1941) and W.E. (Bill) Burcham (F.R.S. 1957 ) who, together with M.L. (later Sir Marcus) Oliphant (F.R.S. 1937) before his departure, had set up the accelerator, introduced his improved Geiger counters. He was also exploring possible new methods of proportional counting to replace the pulse ion detection chambers. He and Vaclav Petrzilka, who had come from Prague University to work for a year at the Cavendish, pushed ahead rapidly with experiments on proton capture by light nuclei. Their results for capture by the carbon isotopes gave unique support to Hans Bethe (For.Mem.R.S. 1957) with his theory of evolution of energy in stars by means of the carbon cycle. When Petrzilka returned to Prague in the summer of 1938 he was replaced by a young lady, Joan Strothers, studying for her PhD, who was destined to become Curran's wife.
T  
After just two years of study, war intervened and Curran and his wife-to-be found themselves embroiled in it. Their immediate supervisor, Philip Dee, proposed that his team should spend a month at the Royal Aircraft Establishment, Farnborough. They arrived on 1 September 1939; within two days, war was declared on Germany. They never returned to the Cavendish. Instead they moved to Exeter, where Dee and three members of his group worked on a variety of rocket devices, including a system of launching wires into the air aimed at doing maximum damage to low-flying bombers. Curran and Joan Strothers, in contrast, joined a small team under Dr John Coles developing the proximity fuse. Early work showed that photoelectric cells were non-selective depending on the presence or absence of clouds, whereas shells fitted with a transport-receive miniature radio proved to be very effective, although their use was restricted owing to production difficulties and had to await their mass production in the USA. Thereafter, however, the proximity fuse was a major factor in destroying enemy planes and was largely responsible for the destruction of over 90% of the V1 rockets that were sent over southern England in 1944 This establishment had recently been moved from the exposed site at Worth Matravers to Leeson House, Langton Matravers, close to the town of Swanage, to avoid the more frequent air attacks. When Curran joined the group at Leeson House, an experimental radar working on a wavelength of 10 cm was operating in trailers with the use of the highly secret cavity magnetron invented by J.T. (later Sir John) Randall (F.R.S. 1946) and H.A.H. Boot in February of that year at the University of Birmingham. This powerful generator revolutionized many aspects of airborne radar and at that time the priority was to develop a centimetre radar to be installed in night fighters. This air interception (AI) equipment was designed with a narrow beam to avoid the limitation of the range of detection of an enemy bomber caused by the obliterating echoes from the ground. Of the many problems involved in using the cavity magnetron for AI, that of devising a modulator was a critical factor. With an anode voltage of 7.5 kV in a field of 1000 Oe the original magnetron would produce a peak power of 15 kW into a water load with a pulse rate of 50 per second and a pulse length of 30 µs. There are two fundamental features of an AI system that make it essential to use pulse lengths and pulse repetition frequencies (PRF) radically different from those used in the ground tests.
The essential requirement for minimum range is that the pulse length must not be so great that the transmitter is still operating when the echo from the target returns to the receiver. The equivalent length of a 1 µs pulse is 980 feet (299 m) and thus a target at a distance of half this figure would represent the minimum range for a system using 1 µs pulses. This assumes an ideal case in which the pulse rises to, and falls from, peak power abruptly and that there is no paralysis of the receiver caused by the transmitted pulse. Since a minimum range of less than 1000 feet and preferably not more than 500 feet was deemed to be necessary, so that the pilot could identify the target visually, the magnetron system had to be designed to transmit 1 µs pulses with the sharpest possible rise to maximum power and with a similarly abrupt decrease to zero power after 1 µs.
It was this problem of producing such a pulse with more than 10 kW of peak power that occupied J.R. Atkinson and Bill Burcham at Worth Matravers in the summer of 1940 and later at Leeson. A thyratron and a hard valve (pentode) were tried as a basis for the modulator.
In November 1940 Curran joined the centimetre group. He had worked on pulse amplifiers before the war, and his experience with Geiger counters at the Cavendish Laboratory proved of inestimable value in the subsequent development of modulators for pulsing the magnetrons. He soon demonstrated the possibility of spark-gap modulators. Curran brought his experience with Geiger counters to bear on the problem and was soon handling 50 kW of pulse power at pulse repetition rates of over 2000 per second. It was soon realized that the Curran version of the spark gap was the best solution for modulating magnetron transmitters, at least in airborne systems. This development came too late to be included in the first production models of the centimetre AI systems installed in the Blenheim and Beaufighter night fighters but it was in all blind-bombing ground-scanning systems (codenamed H2S) and centimetre anti-surface vessel (ASV) systems, both of which became operational early in 1943.
The centimetre H2S system was first used by the Pathfinder force of Bomber Command in the bombing of Hamburg at the end of January 1943; by the end of the war all Bomber Command aircraft were equipped either with 3 cm or 10 cm systems. In coastal command the 10 cm ASV system was first used by a small number of Wellington aircraft over the U-boat transit area of the Bay of Biscay in March 1943. Equipped with the Leigh Light to illuminate the target when a radar echo was detected, the Wellingtons forced the U-boats to surface by day to charge their batteries. This became a vital factor in the Battle of the Atlantic, and by the summer the merchant shipping losses in the North Atlantic had fallen from more than 500 000 tons per month to less than 100 000 tons per month.
All of the airborne centimetre systems in H2S and ASV used the spark-gap modulator principle devised by Curran. The political pressure for these systems was intense, and the main production for the H2S and ASV units was entrusted to a number of firms. The most instantaneous progress from prototype to production models involved many delicate issues and it was in this process that Curran's experience proved invaluable. With Hodgkin and Burcham, Curran became responsible for most of the detailed contacts with these firms.
Meantime Joan Curran, as part of the Counter Measures Group in an adjoining laboratory, was quietly cutting up strips of tinfoil and developing the idea which came to be known as 'Operation Window': the scattering of these strips in the path of enemy bombers and thus disrupting their radar. Perhaps Window's most spectacular success was its use, dropped with great precision by the Lancasters of 617 squadron, to synthesize a phantom invasion force of ships in the Straits of Dover on the night of 5/6 June 1944. This kept the Germans unsure of whether the brunt of Allied assault would fall on Normandy or in the Pas de Calais.
T M P
Early in 1944 Curran, accompanied by his wife, and about twenty other scientists were asked to go to the USA to work on a highly secret project. This, not surprisingly to them, turned out to be the development of an atomic bomb, codenamed the Manhattan Project, which was so secret that it was said that when Harry Truman succeeded Roosevelt as President he had no knowledge of the project although it was nearing completion and had cost the nation about two billion (2 × 10 9 ) dollars.
When the British scientists arrived in the USA, a few of them, including Curran, reported to the British Office in Washington, where they were briefly introduced to the project by Sir James Chadwick, F.R.S., the senior British scientist in the USA, and were given instructions about travelling on to the Radiation Laboratory in Berkeley, University of California, where they were to work under the direction of the very distinguished American physicist, Professor Ernest Lawrence. When Curran arrived at Berkeley he was surprised to learn that he was not immediately given any specific task by Lawrence and 'I gravitated on my own initiative into the electronics laboratory, under the charge of William Baker'. There he was asked if he could make an instrument that would easily detect the presence of uranium, because there was a danger that it was contaminating the walls of the laboratory. As it built on his previous experiences with counting devices at Glasgow and Cambridge, this was a problem that was tailor-made for Curran. Coming to the conclusion that the best approach was to produce an instrument that would capture quanta of light released in air by the passage of α-particles by uranium, he realized that this release should be enough for the resulting light pulse to give in turn an adequate release of electrons in an IP21 photomultiplier, which he had read about in a catalogue.
Having got to that stage, he recalled the scintillation technique used by Rutherford and his colleagues at the Cavendish where charged particles, including α-particles, were detected by scintillations produced in zinc sulphide. The next stage was to make thin layers of activated zinc sulphide that were then placed close to a thin source of uranium.
Within a short space of time he had come up with the answer: the scintillation counter. However, when he showed it to Lawrence, he was not impressed. He reminded Curran that he was here to do isotope separation and that instrumentation was in Chicago's remit. Much to Curran's annoyance, a 'Secret' label was slapped on the invention and on the next day Curran went back to isotope work, in charge of high-resolution experiments on the magnetic ion separation devices. Although very much later the scintillation counter was to prove to be a remarkable instrument used in almost every scientific laboratory in the world, it was only after three years that it was declassified, at Curran's request, after he had returned to Glasgow University. In the early 1950s he wrote a book, Luminescence and the scintillation counter (Butterworth, 1953) . He sent a copy of the book to Lawrence, reminding him how he had brushed aside his enthusiasm with the first results. But he bore no malice. Indeed, he described Lawrence as 'one of the truly outstanding physicists of this century'. It was at this period in the USA that the Currans' daughter, Sheena, was born. It was a great sadness to them that she was severely mentally handicapped.
A very important element in the making of the bomb was the procurement of the light isotope of uranium ( 235 U) by various isotope-separation means or by the manufacture or creation of plutonium ( 239 Pu). The bomb project was organized in five major centres, each being responsible for different aspects of the work: Berkeley (research and design of isotope electromagnetic separators), Oak Ridge (separation of isotopes by gaseous diffusion and large-scale design of electromagnetic separators), Hanford (plutonium provision), Chicago (chain reactions) and Los Alamos (design of the bomb). Even the most senior of the scientists were not 'in the know' about the whole picture. They each knew, of course, about the work going on in their own laboratory but not what was going on in laboratories elsewhere. It is therefore not surprising that news of the test of a nuclear weapon in the Nevada Desert was not expected by the members of the Radiation Laboratory (and no doubt other laboratories too). However, the news to follow was even more unexpected, namely that a bomb had been dropped on Hiroshima followed by one on Nagasaki. World War II, and the Manhattan Project, were at an end.
G U
Curran was offered various posts in the University of California but he had promised his old boss, Philip Dee, who had already been installed as Professor of Natural Philosophy at Glasgow University, that he would join his staff. Before crossing the Atlantic, however, Curran spent about three months touring various laboratories in the USA, learning as much as he could about the synchrotron, the electron accelerator that had been invented by Lawrence's brother-in-law, Professor Ed McMillan. Curran sailed for England on the Queen Mary in early December 1945.
In Glasgow, Dee and Dr Walter Macfarlane, aided by Curran, installed a 300 MeV synchrotron for nuclear physics research. Curran's American experience was valuable in this project but his research interests did not lie in that direction. During this period, Curran saw the potential of a gas-filled counter operating in the proportional region-a counter providing pulse amplification of the order of a thousand-and developed this powerful technique at Glasgow, building up a very productive research team in the process. The proportional counter was used to measure a number of different radiations, from the detection of single electrons, such as photoelectrons released by ultraviolet radiation, to the detection and measurement of the energy of β-particles up to 1 MeV. Perhaps the most interesting experiment was the measurement of the spectrum of the β-rays of tritium, making it practical to deduce that the rest mass of the neutrino was less than of the rest mass of an electron. (This limit has now been pushed down by a factor exceeding 1000.) He was elected a Fellow of the Royal Society and was recognized as a world leader in his field. Meanwhile the department was rapidly gaining an international reputation. However, Curran, realizing that there were no opportunities for advancement in Glasgow, began to feel the need to move again. , which had meant that US scientists working on nuclear research were not allowed to reveal or discuss their work with scientists from any other country, was repealed. Close contact and the exchange of information was resumed between the scientists of the USA and Britain. Curran spent much time travelling to the USA and taking part in high-level discussions. In all, Curran spent four and a half very successful years at Aldermaston, taking responsibility for a substantial part of the work, with many hundreds of qualified scientists and engineers in his Division, representing the UK Atomic Energy Commission in highly technical visits to Berkeley, Livermore, Los Angeles, Oak Ridge and other major US and European centres. He joined the Board at Harwell. He was also involved in controlled thermonuclear work, achieving some very successful results in fusion. The decision of the Atomic Energy Authority to bring all of the fusion work together at Culham was the main reason for Curran's leaving Aldermaston.
U  S
When, in 1959, at the age of 47, he was invited to take over the very prestigious Royal College of Science and Technology (RCST) in Glasgow and steer it through to university status, he accepted.
The Royal College of Science and Technology had a long and proud history, having its origins in the will of John Anderson, Professor of Natural Philosophy in the University of Glasgow, who would forsake the cloistered walls of the university and wander through the workshops of Glasgow, talking with the men and learning something of the their manufacturing skills. In return he invited them to come, in their working clothes, to his special 'anti-toga' classes. 'These are the men who need a knowledge of Natural Philosophy for their daily work. Why should it not be placed within their reach for a full university course?' Artisans and mechanics came to his classes and were, for the first time in their lives, instructed in the ways of science. Anderson was harnessing the spirit of the future and, by his initiative, laying the foundations for Scotland's and Britain's future as a great industrial power. Ladies were also invited to attend classes. This was indeed revolutionary! Anderson had not been popular with his fellow professors. For his part, he did not like them either. When he died in 1796 he left instructions for the setting up of a new university that would not be run by the professors 'who are drones or drunkards in certain Colleges', but should be managed by laymen. . Since the 1920s it had been partly funded by the University Grants Committee (30%) and by the Scottish Education Department (70%).
In the light of his working-class background and his wartime experience of invention and cooperation with industry, Curran was keen to continue and expand this tradition of useful learning and in the process to create a completely new kind of university. But it was not all plain sailing. The four ancient universities were not particularly keen that a newcomer should come on the scene. The degrees in engineering, although all classes were taken at the RCST, were 'supervised' and granted by the University of Glasgow. The university did not want to give up that hold, although paradoxically it refused to accept students with the four year Associateship of the College for PhD study. Such students had to go to Oxford or Cambridge! In addition, the chairman of the very powerful University Grants Committee, Sir Keith Murray, was wary of creating a new university with all its financial implications. 'The four years Honours degree in Scotland is very expensive. Who will pay for the extra year?' 'The same people who pay for English students to spend an extra year at school,' was Curran's logical reply. In support of his claim to university status, he was further able to point out to a surprised Murray that, in early 1960, the RCST was producing more than 10% of all the graduates with university-level technology qualifications in the UK and was in fact producing more graduates in technology than all the four Scottish universities put together. The discussions, sometimes 'heated', extended over twelve months, but in the spring of 1961 Sir Keith informed Curran that the Committee had reached the unanimous conclusion that they should recommend to the government that the RCST should be created a university. 'I was thrilled to have reached what I saw to be an historical point in technological university work. I had converted Sir Keith to see the validity of my arguments and he shared with me a faith in what some new universities might be able to accomplish in the future. ' It was recommended that the Scottish College of Commerce (SCC, also located in Glasgow) should merge with the RCST to form a university.
There was, however, a request from Sir Keith. There was a problem for the government in timing the announcement in that they had at almost the same time set up a committee under Lord Robbins to review and make recommendations on the future structure of higher education. They asked that Curran be patient until the Robbins Committee reported. Nevertheless, in March 1962 a statement was made in the House of Commons that the Royal College was to be granted university status but those involved were asked to proceed at a moderate pace because Robbins might recommend the establishment of more universities and how such new universities should grow and proceed with structural changes. However, the officers of the RCST were asked to prepare the Charter and Statutes of the new university and present them for approval to the Privy Council. There was much discussion as to what the name of the new university might be. Some favoured going back to the old name 'The Andersonian University' but Murray indicated that his committee was not much in favour of a person's name being used. At this time, Sam Curran lived in a little seaside town, Helensburgh, about 20 miles from Glasgow. In driving there each evening he had to pass through the town of Dumbarton, which had a notice at the entrance proclaiming it 'The capital of the ancient kingdom of Strathclyde' (which had been a major part of what is now Scotland). And so the new university was named Strathclyde. It is of interest to note that when local government in Scotland was restructured some years after the university came into being, one of the major regions also took this title.
In due course the Robbins Committee reported, and the University of Strathclyde with Curran as first Principal and Vice-Chancellor, the first new university in Scotland for 381 years and the first technological university in Britain, was in being. Regarding the appointment of a Chancellor, Sir Keith indicated to Curran that the person chosen should be a distinguished scientist, probably a Nobel laureate, that he should have influence in university circles throughout the country, and that he should be Scottish, preferably from Glasgow. That pointed to only one man. Between them Lord Todd of Trumpington, F.R.S., a distinguished chemist, and Sam Curran made a formidable pair. Curran always made it clear, however, where the power lay and he preferred the traditional Scottish title of Principal (an abbreviation of Principal Regent) to that of Vice-Chancellor, because the latter seemed to imply that he was a stand-in.
The real work, under Curran's dynamic leadership, of creating the new university now got under way. He always played warm tribute to the part played by the Academic Advisory Committee, which under the chairmanship of Sir Edmund Hirst, F.R.S. (Edinburgh University), played a crucial role for the two years of its existence in helping to guide the early steps of the new university and enabled it to avoid potential pitfalls.
The SCC added departments of law, librarianship, hotel management and business studies to the RCST's various technological departments of engineering, mathematics, science, pharmacy, architecture and business studies. The SCC's business studies was fused with the business studies already in being at the RCST and together they formed what became a very powerful school of business and administration. Later, in conjunction with corresponding departments in Glasgow University and Edinburgh University, it became the Strathclyde division of the Scottish Business School. Another innovation was the creation of a very successful Department of Bioengineering, which was unusual in that it had only postgraduate (mostly engineering) students.
Curran also created further departments of industrial economics, economic history, psychology, politics, French, German, Italian, Spanish and Russian. There was a fear that science and technology might be swamped (although all subjects had an applied slant), so to maintain a suitable balance it was resolved that the proportion of science and technology students to that of arts and business studies should be maintained at two-thirds to one-third.
Written into the Charter was non-professorial staff and student participation in the management of the affairs of the university. The latter was to play an important part in avoiding any major student unrest in the uprisings experienced by many universities in the 1960s. In addition, the fact that the Principal's door was always open to students and their grievances were listened to and where appropriate, acted on, meant that dificulties could be resolved before they erupted. Among the students there was always the feeling that 'he is one of us'. The President of the Student's Association was given a place on Court (Council) and still later a second student office-bearer was added to this so that the student body came to play an active part in the decision-making processes.
As well as having academics on Court, he filled it with influential top industrialists and always expressed amazement at how willing such busy men were to undertake much time-consuming, and at times arduous, work without payment. He maintained that Britain was probably unique in this respect and such voluntary work (not only for universities) was something that we should value and treasure.
Curran blamed much of the industrial and manufacturing decay of our country on the lack of understanding, not only by successive governments of the past, but also by our traditional universities, of the importance of technological education at the highest level, and he was adamant about the role that his university would fill. It would be, as Anderson had envisaged about 170 years previously, 'a place of useful learning' and he would not hesitate to include practical experience in that learning process. Furthermore, regarding the location of the university, although many tempting offers came in of green-field sites, he resisted them and insisted that it should be located, as the Royal College had been, at the heart of an industrial city, Glasgow.
However, there were problems. In 1960 the RCST occupied a site of only about six acres. Expansion on a massive scale was necessary; Curran aimed for about twenty-four acres and this was in valuable and expensive city centre land. Long and protracted negotiations lay ahead. Nevertheless, Curran was not only a visionary, he was also, as Keith Murray would no doubt testify, a 'bonnie fechter'. In time he acquired and transformed what had been a rather run-down area (although still valuable) part of the city-not single-handedly, of course. He always paid warm tribute to his support staff, particularly to Louis McGuigan, the Buildings Officer and later Bursar, who was a former local government officer and adept at negotiation when it came to dealing with Glasgow Corporation. However, there was no doubt about who was the driving force. By the time that Curran retired in 1980 more than twenty major buildings, including accommodation for 1220 students (out of a total student population of 6700) had been erected or acquired in the city centre. Student playing fields of about 270 acres were constructed a few miles out of the city, at Stepps, and a staff recreational centre of 50 acres, on which stood a magnificent house, Ross Priory, on the banks of Loch Lomond.
However, Sam Curran did not win all battles. When he visited the formidable Sir Thomas Innes of Learney, Lord Lyon King of Arms in his Edinburgh office, he was faced with an empty desk. A head appeared above it: 'Lyon'. 'We've come about a new coat of arms,' said Curran. ' Ah yes, Falkirk Technical College,' was the response. It was not a good start; but worse was to follow. Curran wanted to retain the Royal College set of scales. 'Oh you cannot have that! In heraldry scales stand for justice, not measurement.' 'But we will have a faculty of law' was Curran's response. The reply from Lyon was crushing and decisive: 'Law, law, what the hell has law got to do with justice?'. So Curran had to settle for a wave package.
Remembering his wartime days, he set in train cooperation with industry at a time when it was not fashionable for universities to do so. He actively encouraged departments to appoint Visiting Professors from industry and he appointed top industrialists to the University Court. With the help of Mr Wedgwood Benn (then Energy Minister) he built, in 1966, a 'Centre for Industrial Innovation' (the forerunner of Science Parks), where academics and industrialists could cooperate in fruitful research on the campus; he encouraged members of staff to accept consultancies in industry. Remembering his own frustrating experience at Glasgow University when there was little opportunity for promotion, and drawing on his American experience, he encouraged departments to appoint promising members of staff to personal professorships. He appointed a firm of public relations experts to give advice and later again appointed an information officer to help the media with University news. This latter appointment was much criticized by other universities at the time, but now most of them have one.
All of these things are commonplace now; but they were not when Curran hit the university scene. He could also be outward-looking. With the increasing interest in teaching and research in the nuclear field, the Scottish Universities and the RCST considered how this might be encouraged. Curran chaired a committee representing these institutions (which later included The Queen's University of Belfast) and their efforts were rewarded by a large grant from the Department of Scientific and Industrial Research (DSIR), which provided a 100 kW reactor (later upgraded to 300 kW) located at the National Engineering Laboratory, East Kilbride, together with associated staff, buildings, equipment and running costs for the first five years. Curran continued his close interest and support of the centre as chairman of its Scientific Advisory Committee, which became in effect a management committee in the earlier years.
This was the first and largest of the three reactor facilities provided by the DSIR and was initially engaged in the fields of teaching and research in nuclear engineering, reactor and nuclear physics, radiochemistry, radioisotopes and related areas. As time went on, further joint and very successful fields-nuclear medicine, isotope geology and radiocarbon dating in particular-have been added to the centre's activities, in the founding of which Curran played such an important part.
In 1966 he established a close academic link between Strathclyde and the Technical University of Lodz, Poland. This was done at a time when Poland was part of the Soviet bloc and communication between the people of our country and theirs was difficult. It was (and is) enormously successful, leading to a two-way exchange of students and staff, to shared degrees and to friendships that are close and lasting. The Poles called it their 'window on the West'.
Only those who served with him during those eventful years can truly appreciate the enormous dynamism and single-mindedness of the man as he went about his task.
Two things angered him very much. One was the very low salaries paid to scientists compared with those paid to businessmen ('Someday we will pay a terrible price,' he wrote) and the second was the lack of recognition of the part that science and technology played in winning World War II. There were no scientists in the parades to mark the fiftieth anniversaries of VE and VJ days, yet it was the discoveries and developments by scientists and engineers-radar, the proximity fuse, Window, and the atomic and hydrogen bombs, to mention only a few-that had made victory possible.
Sam Curran had never any doubts but that it was right to use the atomic bomb. Its use saved hundreds of thousands of lives, averted the danger of the USSR entering Japan (with the unforeseen consequences that might have followed that) and it averted a possible war between the USA and the USSR.
